Pollination plays a crucial role economically and ecologically (Kevan and Phillips 2001; Luck et al. 2003; Klein et al. 2007; ). Bees (Hymenoptera) are the most important group of pollinating insects in the world (Biesmeijer et al. 2006) and it is estimated that there are over 800 species in Canada (Sheffield, personal communication) . Butterflies (Lepidoptera) are another important pollinator group in North America with over 297 species of butterflies in Canada (Layberry et al. 1998) . Recent biodiversity surveys have reported declines in both groups worldwide (Committee on the Status of Pollinators 2006; White and Kerr 2006), particularly, in populated regions including parts of Canada such as Southern Ontario. The decline of pollinators has been attributed to a number of possible causes including the use of pesticides (Kevan et al. 1997) , the loss of habitat due to anthropogenic activities in the form agricultural intensification and industrial development (Kevan 1999 ) and climate change (Parmesan et al. 1999 ). However, a decline in pollinators could also be caused by loss of early successional stage plant communities resulting from the cessation of natural ecological processes such as fire.
The southern Ontario landscape in pre-settlement times included a variety of successional habitats, largely as a result of natural fires caused by lightning. Incidence of fire was also high as a result of aboriginal communities using fire for agricultural purposes and to improve hunting (Day 1953; Bakowsky and Riley 1994) . The arrival of European settlers in North America led to a vastly reduced frequency of fire as a result of fragmentation of wooded landscape, roads acting as fire breaks, and direct fire suppression to protect commercial wood and homes. Newly begun successions became rare and older successions proceeded from the open earlier stages to later seral stages with increasing The apparent importance of successional habitat to pollinating insects, specifically bees (Hymenoptera) and butterflies (Lepidoptera) was quantified in an alvar landscape in the Ottawa valley through a comparison of burned and unburned alvar woodland. The two adjacent habitats on the same successional gradient were sampled by sweeping with additional data from pitfall traps for bees and by direct observation with close focus binoculars and occasional verification through capture with a net for butterflies. The sampling was done during 11 visits in 2008 beginning 16 May and ending 13 September. Both bee and butterfly diversity were higher in the post-fire burned alvar woodland compared to the adjacent unburned woodland based on species richness, number of individuals and Brillouin's Biodiversity Index which takes evenness and heterogeneity into account. No bees were captured in the unburned area, but 34 species and 201 individuals were captured in the burned site. The most abundant bee species was Augochlora aurata. Lepidoptera were represented in the burned site by 35 species and 408 individuals compared to 15 species and 21 individuals in the unburned woodland. The most common butterfly species in the burned woodland was Callophrys polios. The higher diversity of pollinators in the burned site was correlated with both higher vascular plant diversity and much higher cover and frequency values for insect-pollinated plants providing nectar and pollen including flowering shrubs such as Amelanchier alnifolia var. compacta, Arctostaphylos uva-ursi and Prunus virginiana. The burned site also provided more cover of larval food plants for butterflies and apparently more nesting sites for bees. We suggest that a decrease in fire frequency and in the availability of open successional habitats are contributing factors in the decline of pollinators, and that endangered ecosystems where fire has been a natural phenomenon may require fire or firesimulated management to sustain their biodiversity.
tree cover. Now in a fragmented landscape without fire for a few hundred years, many natural areas and entire landscapes have lost or are about to lose the open and semi-open habitats. The fact that certain species need early successional stages is well known. Controlled fire is currently used to maintain ecosystem diversity (Lee et al. 1998 ) with management processes sometimes adjusted to resemble pre-settlement conditions based on historical records (Whelan 1995) and executed in such a way as to reduce any negative impact on arthropod populations (Siemann et al. 1996) . Fire management is well developed in some regions, but it is not utilized at all in others and the importance of successional habitats produced by fire to insects is not well documented, especially for pollinating insects (Bradstock et al. 2005; Nol et al. 2006; Parr and Anderson 2006; Dixon 2009 ). Although some authors have concluded that catastrophic events such as fire promote pollinator diversity through the establishment of a diverse patchwork of habitats at different succesional stages (Swengel 1996; Potts et al., 2001 Potts et al., , 2003 , just how important this promotion is and how widespread it is remains unclear.
Here we use an alvar landscape in the Ottawa valley that was partly burned nine years previously to provide evidence for the importance of successional habitat to pollinating insects, specifically bees (Hymenoptera) and butterflies (Lepidoptera). Alvars, i.e., naturally open areas of thin soil over essentially flat limestone or marble rock with trees absent or not forming a continuous canopy, are among the most unique and threatened habitats in Canada (Catling and Brownell 1999; Brownell and Riley 2000) and are generally considered to be globally imperiled (Reschke et al. 1999 ). Earlier studies (Catling et al. 2001 Catling 2009; and Catling et al. 2010) have suggested the importance of post fire succession to diversity of plants and ground dwelling insects in these imperiled ecosystems, but pollinators had not been studied. Specifically we compare two sites on the same successional gradient: a semi-open boreal woodland that represents climax vegetation for the site, and a nearly adjacent site that previously had similar vegetation but had burned nine years before and developed into a relatively long lasting successional alvar shrubland (Catling 2009 ).
Methods

The study area
The study area is part of an alvar landscape within Burnt Lands Provincial Park 6 km NE of Almonte in the Ottawa valley of Ontario. Alvars are unusual ecosystems with a fragmented distribution in North America and are considered globally imperiled. The woodland study site included 4 hectares (approximately 10 acres) centered at 45.2569°N, -76.1437°W. The corresponding burned woodland study site 0.5 km to the southeast also included 4 hectares centered at loides with an understory of mosses including Hylocomium splendens and Dicranum polysetum and occasional depauperate shrubs including Juniperus communis. Nine years after the fire the burned area had developed into a long-lasting successional shrubland ( Fire is a natural process on alvars and evidence of past fire is commonly found (Catling and Brownell 1999; Jones and Reschke 2005) . The Burnt Lands have long been known to be particularly subject to fire on account of shallow soil on an elevated plateau of porous limestone rock. The area was named the Burnt Lands by settlers in 1870, at the time of the second most recent fire. Additional information on the two study sites is available in Catling (2009) .
Collection, identification, biodiversity measures and floristic data
Lepidoptera in the groups Hesperoidea and Papilionoidea were recorded for a 30 minute period during each visit and bees were collected for a second 15 minute period by sweeping vegetation including flowering herbs and shrubs. The observations and collections were made along transects 100 m in length in each site and during sunny, mild or warm conditions. Information on bees was also derived from pitfall traps as bycatch of a study of ground-dwelling insects. Pan traps were not used because we did not want to stress the pollinator populations at the site and we considered that the limited sweeping and accessory information from the pitfall traps would provide sufficient information to reveal a trend. Ten pitfall traps (15 cm × 10 cm × 5 cm deep) were set out at each site. The traps were buried so that the tops were flush with the ground surface and each trap was filled with antifreeze with a drop of soap to half depth. The traps were checked five days after setting. The survey continued from spring through summer to fall with several gaps. The dates for recording Lepidoptera, collecting bees and checking the traps were 16 May, 1, 9 June, 1, 5, 12 July, 16, 21, 26 August, and 8, 13 September.
Extensive observations on 10 days during two years prior to the study revealed many hundreds of pollinators in the burned area on each occasion compared to less than a dozen in equal areas of forest during equal amount of time. This suggested that differences between pollinators in the burned area and the surrounding woodland were very substantial with the woodland All Amelanchier alnifolia is referable to var. compacta.
having very low diversity and numbers. Had this been any less obvious, the sampling procedure here may have involved replicates and detailed statistical analyses. However, considering the extent to which the trend was clear, we decided that it was only necessary to quantify it and to ensure that the transects were representative. Based on a general survey of the area, these transects were fully representative of the burned area and the surrounding forest in both vegetation and top ography which varied over distances much larger than 100 m. The Lepidoptera -Hesperioidea and Papilionoidea were identified by P. M. Catling using Layberry et al. (1998) . Hymenoptera -Apoidea were identified by A. Taylor and J. Gibbs using Packer et al. (2007) , Romankova (2003) , Mitchell (1960) and Gibbs (submitted) . Bees collected were deposited in the bee collection of L. Packer at York University.
Biodiversity of collected insects was compared with respect to total number of species and numbers of individuals within species and with regard to Brillouin's Index which is appropriate for collections (Krebs 1999) . The calculation was made using software provided by Krebs (2008) .
To compare the pollinator diversity results with the potential value of the vegetation at each of the sites to pollinating insects, we compared average cover and total frequency values for insect pollinated plant species known to, or suspected of, providing pollen or nectar rewards. This included excluding all windpollinated species from data that were obtained as part of a floristic inventory based on thirty 1 m 2 quadrats placed 3 m apart along a transect at each site (Catling 2009) . The cover was then estimated for each plant species within each quadrat as ½ of the surface area of all plants to 2 m tall (i.e., the percentage of the square meter that would be covered by all vegetation overlapping the square if all plants were laid flat and not overlapping.). The average cover for each species was then summed and expressed as a percentage of the total average cover of all species at each site. Frequency was determined as the number of quadrats within which a species occurred at a site. Both of these measures suggest the relative biomass and abundance of plants beneficial to pollinators. Although biodiversity and abundance are not direct indicators, like the number of flowers, they are considered to be reasonable surrogates since there is a clear relationship between flower number and both biomass and abundance.
Results
The difference in diversity of bees between woodland and successional shrubland (that was woodland only 9 years earlier) was substantial. In the woodland one individual Bombus sp. and one individual Osmia sp. were observed in flight and no bees were captured with nets or in traps. In the burned area, 34 species and 219 individuals were captured, and of the latter, 173 were swept from flowering plants and 46 were obtained in pitfall traps (Table 1) . Hundreds of bees were seen but not captured during the standard collecting procedure in the burned area. The most abun- dant bee species caught was Augochlora aurata (Smith) with 45 individuals (Table 1) with Andrena nasonii (Robertson), Ceratina calcarata (Robertson), and Lasioglossum (Evylaeus) foxii (Robertson) among the most common species captured (Table 1) . More species and individuals of Lepidoptera in the groups Hesperoidea and Papilionoidea were also evident in the burned site which had 35 species and 408 individuals compared to 15 species and 21 individuals in the unburned woodland ( Table 2 ). The most abundant butterfly in the burned area was the locally rare Callophrys polios (Layberry et al. 1982 ).
The value for Brillouin's biodiversity index was higher for the Lepidoptera in the burned area but could not be calculated for bees in woodland since none were captured. The value of the index was higher for bees found in the burned site than for Lepidoptera in either site (Figure 3) .
The cover of insect-pollinated plants in the burned area was five times greater than that of the woodland and represented 64.24% of the total as compared to 16.62% for the woods. Flowering plants with substantial nectar and pollen resources such as Amelanchier alnifolia var. compacta, Arctostaphylos uva-ursi and Prunus virginiana had much higher cover values and were much more frequent in the successional shrubland (Table 3) . Among the most important individual species, Amelanchier alnifolia var. compacta had approximately 15 times the cover value in the successional habitat, Arctostaphylos uva-ursi had about 5 times the cover and Prunus virginiana had more than 22 times the cover than in unburned woodland. Even when present as relict individuals in the woodland, these species bloomed sparingly there.
Discussion
The basis for the increased pollinator diversity in the successional shrubland is evidently the vastly increased value of this habitat to pollinators. The diversity of pollinators is at least partially dependent on habitat quality (Winfree et al., 2007) . If a habitat does not offer pollinators accommodation for larval stages and/or floral resources for foraging adults, it would be unsuitable to sustain pollinator communities. With regard to floral resources, the burned woodland is far superior to the unburned woodland being dominated by flowering shrubs providing both abundant pollen and nectar for bees and food sources for both adult and larval butterflies. Although Arctostaphylos uva-ursi, the larval food plant of Callophrys polios was only 1.46 times as frequent in the burned area, its cover value was four times greater (Table 3) providing an explanation for the much greater abundance of the butterfly there. Despite the higher density of vegetation in the burned area there was extensive open ground including rock, shallow bare soil and turf. Many of the shrubs emerged from cracks in the shallowly underlying limestone rock.
The more extensive open ground likely increased available nesting sites for bees including Andrena nasonii, Lasioglossum foxii, and Lasioglossum imitatum which were among the most common bee species caught within the burnt alvar habitat (Table 2) . Each of the bee species noted above nest in the ground (Grixti and Packer, 2006) . The abundance of ground-nesting bees in the burned site is not surprising as fire tends to remove leaf litter and debris that might otherwise cover potential nest sites. As succession proceeds in post-fire habitat more cavities become available for nests as a result of dead trees and also from the establishment of pithy stemmed mid-successional stage species such as Rubus spp. This may explain the abundance of cavity nesting species such as Augochlora aurata and Ceratina calcarata ( Table 2) .
Our study suggests that successional shrubland that develops after fire in semi-open, conifer-dominated alvar woodland is far more important for pollinating insects than the original woodland. It supports and quantifies earlier general observations and detailed studies in other regions (Fahrig 2003; Grixti and Packer 2006 , Swengel and Swengel 2007 , Vogel et al. 2007 ) that indicate the importance of successional habitat in providing nesting sites and floral resources (Fahrig, 2003; Grixti and Packer, 2006) . Early successional stages continued for some time (decades to a few hundred years) after the cessation of ecological processes such as fire which occurred regularly up to 100-200 years ago. The lag period now appears to be coming to an end and the effects of lack of fire are increasingly obvious. We suggest that the loss of fire and open successional habitats is a contributing factor in the decline of pollinators, and that endangered ecosystems, such as alvars, where fire was a natural phenomenon require fire or fire-simulated management to sustain their biodiversity.
